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SECTION I
INTRODUCTION

This report covers the design and fabrication of three charge-

coupled device test-bed modules, one module for each of the following

‘ devices:
(a) A 256 element Pt/Si Schottky diode linear imaging sensor. ’
(b) A 32 x 64 element Pt/Si Schottky diode IRCCD area imaging

; sensor,

i

i

(¢c) A 256 element serial analog delay line charge-coupled device. i
A1l modules were to have the following common features: .
(a) Operation from 115 Vac., 50-60 Hz input power

(b) Flexibility in terms of access to test points and variable

bias voltages.

(c) Correlated-double-sampling (CDS) techniques to minimize
noise and offsets where applicable.

(d) Double regulated power supplies where applicable.

(e) Packaging techniques to be compatible for use in TM500 type

power modules.

e

«
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SECTION II

LINEAR IMAGING 256 ELEMENT SENSOR TEST BED MODULE

A. Introduction

A simplified representation of the 256 element IRCCD chip is
shown in Figure 2.0, CCD output shift registers A and B have common
clock lines and identical input-output characteristics. The original
impetus for the dual registers was to provide for differential output
sensing for clock pickup cancellation. This testbed provides for
clock pickup cancellation, as well as offsets, by means of correlated
double sampling at the signal output.

Variable stare time for the IRCCD Schottky diode detectors is
controlled by an external microprocessor. Two digital TTL Jevel sig-
nals from the microprocessor, F] and F2, are decoded by the system
circuitry to give, on demand, four stare times Tref/Zn milliseconds,
where n is an integer between 0 and 3. The system supplies start-
convert (SC) and start packet (SP) signals to synchronize the video
output with the signal processing program of the microprocessor.

The microprocessor requirements specify that the exact value of
Tref is not critical; however, the incremental changes are, i.e.,
either % or 2 for a decrease or increase respectively of stare time.
A SP pulse is required for each Tref interval. Tref for this system
was chosen as 100 milliseconds, thus requiring stare times of 12.5,
25, 50 and 100 milliseconds.

The entire electronic system, with the exception of the power
supplies, is contained on a 9.5 x 4.5 inch PC board with a ground

plane. Two systems were fabricated. The original design used a

-2 -
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2N74LS324 TTL VCO for the master clock (MCK). A second design incor-
porated a crystal oscillator as the MCK. The first design was intended
for laboratory use with its benign environment. The second design was
for operation in an all weather environment requiring a steel sealed :
container.
The physical layout of the two boards was dictated by convenient
access to the bias adjustments. Consequently, the board layouts are
physically different; however, the electronic operation of both is

identical.

B. Clock Generation

The schematic representation of the LIRCCD chip in Figure 2..
indicates the various clock signals and dc voltages required for opera-
tion. (A detailed description of the physical structure and operation
of the chip may be found in Reference 1). Figure 2.1 illustrates the
circuitry used to generate the TTL level signals ﬁi and Qé - the CCD
gate clock voltages - R and S the reset and source clocks respectively.
Figure 2.2 indicates the desired waveforms and the timing originating
with the MCK.

In Figure 2.1 the frequency of the CK signal for counter 2N74161(1)
is 166.65 KHz. This frequency was chosen on the basis of the minimum
stare time of 12.5 milliseconds. The crystal MCK fundamental freguency
is 333.3 MHz. Division by 2 to obtain the desired CK frequency is ac-
complished by means of the D type FF 2N7474(A). The 2N74LS324 VCO
operates directly at 166.65 KHz. For timing purposes CK, the direct
output from either MCK is inverted to obtain CK the clock voltage for

counter 2N74161(1). This counter's outputs QB and 0C in conjunction

-4 -
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with NAND gates B, B, and A, generate ﬁi and Eé at a clock rate of
20.83 KHz with pulse widths of 24 useconds. As indicated in Figure 2.2,
D] of the D type FF goes low with the coincidence of OA and ﬁ]. On

the next rising edge of CK, R is generated at the Q output and S at

the O output. NAND gate 83 is used as an inverter to obtain the clock
input for the synchronous counters (2} and (3) which are shown in
Figures 2.3 and 2.5. A common clear signal, CL is used for counters

1 through 3 the circuitry for which is shown in Figures 2.3 and 2.5,

Figure 2.3 contains the remainder of the LIRCCD digital circuitry
used to generate the transfer gate clock voltages VEZ; and VE;;'and
control the stare time. Figure 2.4 illustrates the required waveforms
and related timing. Figure 2.5 is a simplified circuit diagram, cor-
responding to Figure 2.3 which will be used to discuss the basic timing
required to obtain the tiansfer gate voltages and the variable stare
times.

Stare time is the time between successive parallel transfer gate
pulses, G;;'and CE;, when the Schottky diode detectors are isolated
from the serial CCD shift registers., At the end of the readout time
a clear puise CL, is generated to reset the counters 1-3. This CL
pulse width is made up of a BLANK pulse, a G4T dummy pulse, both of
which are adjustable and 1/2 cycle of CK. CL width and the time for
258 cycles of CK are set for 12.5 milliseconds. The extra two counts,
since there are 256 diodes, are necessitated by the physical struc-
ture of the chip. There is a two bit delay encountered when the out-

put of Register A is direct coupled into the serial input of Register B.

(See Figure 2.0 and Reference (1).)
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In Figure 2.5 CL is initiated by the negative BLANK pulse obtained
at the 6} output of FF 2N74123 (A) when the A1 input is triggered by
the negative edge of the output from NAND gate (X). This negative edge
results after the 258th. cycie of CK. The falling edge of QD3 occurring
at the end of the 256th. cycle, is inverted and clocks “D]" output 0
high. Two cycles later QBZ goes high driving the output of NAND gate
(X) Tow.

Gﬁ of FF 2N74123 (A) is tied to 82 so that ﬁé is triggered by the
termination of the BLANK pulse. The negative pulse at 52, is adjust-
able and refered to as G4T dummy since it is not the actual E;; pulse
used for transfer. Termination of the negative G4T dummy pulse sets
the D input of "Dz“ high and on the next positive edge of CK the CL
pulse is terminated and the next readout interval of 258 cycles of
CK is initiated. Thus a time interval of 12.5 milliseconds is made
up of the BLANK pulse width, the Gé pulse width, 1/2 cycle of CK and
258 cycles of CK.

The actual GZ; pulse is obtained at the output of NAND gate (T).
E;;} being the inverse of E;;} is obtained at the output of the fol-
Jowing inverter. One input to NAND gate (T) is 02 of the FF 2N74123A,
This positive pulse with the width of the G4T dummy pulse will appear
inverted at the output whenever the other input is high, i.e., when
the inverted output Y, of decoder 2N74151 is high.

Y output timing is a function of ?1 and ?2, the control inputs
to the 2N74151 decoder, and the logic circuitry between the outputs
and inputs of counter 2N74161(4) and the decoder respectively. CK
for counter (4) is Q] of FF 74123(A). Thus counting is initiated on

the leading edge of CL. The rising edge of QD4’ on the 8th. count of

-1 -




CL, is the B, input to FF 2N74123 (B). After 100 milliseconds a nega-
tive SP pulse is obtained at ﬁj of FF (B). With ﬁi tied to B, a nega-
tive clear pulse for counter (4) is obtained at Gé upon termination of
the SP pulse. Qy» Qg and O, of counter (4) are all low while the

counter is being cleared and so only QD is affected.

The table shown in Figure 2.5 indicates the necessary control
signals and Y output for the decoder for various stare times. When
?} = 1 and Fé = 0 the stare time should be 25 milliseconds. For these
inputs to the decoder QA of counter (4) is one input to NAND gate (7).
Every other transfer puise is inhibited thereby yielding a 25 milli-
second stare time. For a 50 millisecond stare time only three CZ;

pulses are required for each 100 milliseconds. With f] = 0 and

?é =1, Y =0, GA ' 68 and Y = G;—?~ﬁg'which results in the nec-
essary positive input to NAND gate (T) at the beginning of the SP
pulse and 50 milliseconds Tater. For a 100 millisecond stare time
Y = GA(QB + QC) and only a single CZ; pulse is obtained for each SP
pulse.
The SP is inverted by a buffer inverting driver amplifier 2N74128
to obtain the SP pulse for the puprocessor. (See Figure 2.3). Q] of
FF 2N74123 (B), a positive pulse with the same width as SP, is used to
strobe a 2N7475 latch and prevent any change in stare time during the
readout interval. The start convert,SC, pulses for the uprocessor are also
obtained at the output of the 2N74128 driver as indicated in Figure 2.3.
Figure 2.6 contains the output amplifier stages which use DS0026's
to obtain the clock voltages ﬁ], ﬂz, GZT’ G3T’ G4T’ R and S. (Also see
Figure 2.0). The final cata input incorporates a correlated-double-

sampling technique which is illustrated in Figure 2.7. A detailed des-

- 12 -
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cription of the use of this approach to minimize offsets and noise can

be found in Reference 2. Details of the variable bias supplies are
shown in Figure 2.8. Connections to the R644 PC board plug are indi-
cated in Figure 2.9.

Double regulation of the 25 volt, + 15 and + 10 volt bias sup-

plies is illustrated in the power supply diagram of Figure 2.10.

These voltages are obtained from an isolated shielded rack mountable

housing.

C. Operating Waveforms

Waveforms for the operating system are shown in Figures 2.11
through 2.18. Figures 2.11 to 2.13 are the TTL clock voltages de-
rived by the circuitry of Figures 2.1 and 2.3. Figures 2.14 to 2.17
are the output waveforms for the DS0026 driver stages shown in Fig-
ure 2.6. Figure 2.18 shows the CDS control waveforms D1, S] {max),

02 and 52 (max).




sai|ddns serq gJJ4I1 8'2 d4nbiy

w_v(:..i)dlf‘ 4»@0& 4 O ¢Lo.
wor Lo 0! | %01 ot %oy s
> : * .‘
bl
. . : o
. hD | Ly v v 3 o.b
9 R 18, ol ¥ wilp  VISA

_ k. . T
I T B ro 2 b £ ©
] ] 4 ' 4° > T _
[ESE) L B ; [ all s
4@ .A>3.:.33 (9) L'EWT @WSK\, () Lrem? x..u,w, -

344




Al

(> Powser Plu%

=
<

g\
N CDS INPVT

@ @ Vbsm

CE’———@'— Reser

@——)—— Souvce

Q———(1)—— 1o
@6
Cl————-@——"oza

Q Voan
®
)

1
HD
START convery (2% —La
A
START PACKET (3 ———Fc
+25 "”‘<E£>'““”“j§\§a

Ve ()T
-
5 P <F]
s () ——<7]

Vps2A @ {3
Vivr —{(O)——1D
G ) {%)
Gir @ D)

@-P Re44 PC Board $is -—-—{1.14%_*_.[:@_“)

_d Sl"ml Pluy

(O pe Bouvd

Figure 2.9 PC board wiring

-7 -




0734171 404 A|ddns aamoq (L'zZ 34nbL4

. ST MY L
::,vndtmx%_«é zu.mx.::«#iuéz @ Q) oa4 Nmoa A..“_

<
v </ T vl AS Tgy) %es Syaw)
Yvya9
¥ sot =@ @ ®—vo
m N T STy |- *¥9 —@ 5 D ®--an
< 1-© @ ® e
1¢O||©@®|zi
< _5t=(eT74) e TINvd O34 AIMIA
~h 9014 ¥3M0d4 :
T ™ — S XTI CE T FTORY «<
@..Q a3 L ¥ o $ _h.ﬁsoﬁ '
»._| ' Tus u ST
| k2 | waea
2 e M_u ~ 73951 0H 3 TT 20TV AV
51 Y -4
-3 Ll "
s m _ .H 21 .llldﬂ.ﬂw.lw.,
H o+ T Vh
mz. 3673) 14
oV
vag ) J !
<zl =ik 3
. - st
e L sth v
w \l|T k _ (%) v 9 homurey

AS1
ser(@y I H o] s
< ¢} ,.o.ux.v:«l

Yoy




Jei 00830 LT
b ol N N N N N R

Figure 2.11 Operating waveforms, top to bottom,
CK’ SC’ Q',s ﬂz-
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SECTION 111

AREA IMAGING 32 X 64 ELEMENT 2DIRCCD TEST BED MODULE

A. Introduction

The area imaging 2DIRCCD chip structure consists of a 32 x 64
matrix of Schottky diode detectors formatted as 64 columns of 32
diodes/column. A simplified partial representation of the structure
is shown in Figure 3.0. A column CCD shift register transports the
charge from the diodes to a multiplexor CCD readout shift reqgister,
During the stare time the diodes are icolated from the column shift
register by the diode transfer gates TA and TB., Clock voltages Q]SR
and ¢25R transfers the charge in the column register to the multi-
plexer transfer gate TM which in turn clocks the charge from the
column reaisters into the multiplexer shift register for readout by
the clock voltages ﬂ]M and QZM'

Other clock voltages required, but not indicated in Figure 3.0
are the fat zero inputs for each register, i.e., GFZM and gFZSR for
improvement of transfer efficiency and the reset voltaae QRS for the

multiplex reqister.

B. Generation of Clock Waveforms

Two sets of clock waveforms are required. One, a group of slow
clock voltages for the column shift registers and a second group of
fast clock voltages for the multiplex output reaister. The fundamental
basis for the clock frequencies is set by the specified stare time

and the need for TV compatibility with respect to timing of the video

output.

Oy e o o |
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Stare time is the interval between succeeding QTA. Ot QTB‘ pulses.
A11 "A" diodes are transferred to the column shitt resistor simultane-
ously by QTA and are read into the multiplexer by 22 QTM pulses. After
each QTM pulse the 32 inputs to the multiplexer are read out by QXM
and QZM‘ The system specifications were for a frame rate of 1/40 or
16.666 milliseconds or 1/30 or 33 milliseconds.

On the basis of 16,666 milliseconds the desired freuuency for the
fast clocks is 245.8KHz and that for the slow clocks is 3.#kHz. The
various clock waveforms and related timing is shown in Figure 2.1.

Figure 3.2 shows the circuitry for generating the tast clouts at
245.8KHz. The master clock is a crystal oscillator with a tundamental
frequency of 3.9322MHz. Logic circuitry made up of 1/2 of the "[" tvpe
FF 2N7474 (A) and three 2N7400 NOR gates provides the inputs to counter
2N74193(A), either 3.9322MHz or 1.966MHz. The outputs from the counter
are decoded by the 2N74154(A) 4-Tine to 16-1ine decoder and the timing
and clock widths are controlled by the 16 outputs of the decoder.

Generation of E&M is illustrated in the timing diagram of Fig-
ure 3.2a and the circuitry in Figure 3.2. The Q1M pulse is initiated
by the first negative output from the decoder which is inverted to
give a positive edge for CK pin 3 of 1/2 of 2N7474(B). The preset
for 2N7474(B), pin 1 is held high until the 6th. negative pulse from
the decoder terminates ﬁjM at Q, pin 5 of 2N7474(B). Since each out-
put pulse from the decoder is ..25usec. the @ﬁM width is set at

-

21.6usec. Since T245 8 dusec. this gives a duty cycle of © 40
for ﬁiM' ﬁéM is generated in the same manner using 1/2 7474(B) and
the appropriate outputs from the decoder. Control of the rise time

is provided by means of the two inverters 7400(B) which in turn are

followed by the multiplex register gate driver dual amplifiers DS0026(A).
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Figure 3.3 shows the circuitry for generating the slow clocks at
3.8KHz. wTM is 1/64 of EZM and synchronizes QISR and ﬂzSR. Counters
74193(B) and (C) provide the control inputs to decoder 2N74154(B).
Timing and pulse widths for gTSR’ gZSR and ﬂFZSR are obtained by
appropriate selection of the outputs from the decoder (B) in the
same manner as discussed above for the fast clocks.

wTA and QTB are synchronized by ¢25R at a rate of QTM/64.
Counters 74193 (D) and (E) provide their rates and allow for a 32
count delay between ﬁfA and ﬁ&B. A dual one-shot FF, 2N74221, pro-
vides for control of the gate widths of @fA and ﬁfB'

Control of rise time for Q]SR and QZSR is provided by the two
inverters 7404(D). Dual driver amplifiers provide the necessary
clock amplitudes for the column register. Individual DS0026 drivers
are used for the remaining clock outputs, QFZSR’ gTM’ gTA and gTB‘

Bias voltage circuitry is shown in Figure 3.4 Primary power is
+24 and -12 volts for the output driver ampiifiers and +5 volts for
the TTL Togic circuits. Three terminal regulators are used to con-
trol clock amplitudes. Emitter follower regulators are used to bias
the output gates or the multiplex register with potentiometer control

for the input gates of both registers.

C. Operating Waveforms

Figures 3.5 through 3.8 indicate the clock voltages and timing
for the actual operating system. Figures 3.5 and 3.6 show the fast
clock outputs and include QTM‘ Figures 3.7 and 3.8 show the slow clock
outputs and their timing with respect to gTM' These waveforms corres-
pond to a stare time of 16.66 milliseconds or with the MCK set at
3.9322MHz. Operation at 33 milliseconds gives the same waveforms at

twice the time scale.
- 29 -
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Figure 3.5 Operating waveforms, top to bottom,
Pime Pom> Prg and Pry-

Figure 3.6 Operating waveforms, top to bottom,
Pom> Prs» P and Przy-




Figure 3.7 Operating waveforms, top QTM’ bottom QZSR

Figure 3.8 Operating waveforms, top to bottom, QFZSR’
Posr and Bygp-
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SECTION IV
SERIAL ANALOG DELAY (SADL)

A. Introduction

The Serial Analog Delay Line (SADL) functions as a time-compres-
sor/time-expander system. It utilizes the Fairchild CCD311 chip which
is a 130/260 bit analog shift register with the capability of analog
input sampling, delay and temporary storage of analog information.

The SADL was designed to meet the following specifications:

{a) Maximum clock rate of 6 MHz.

(b) Maximum compression/expansion ratio of 6:1.

{c) Output blanked during reading time.

{d) Operation with internal or external clock at TTL levels.
(e) Read-in/read-out clock select internally derived.

(f) External input synch to begin operation.

(q) Dynamic range 50db minimum.

(h) Entire system compatible for TM500 power module.

B. CCD 311 Operation

A simplified diagram of the CCD 311 chip structure is shown in
Figure 4.1a. As indicated it contains two 130 bit analog delay lines
with a gated-charge detector preamplifier and a compensation amplifier
common to both registers. The two Tines may be multiplexed to double
the sampling rate and thereby obtain an equivalent 260 bit delay line.

Waveforms for multiplexed operation are shown in Figure 4.1b.
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CCD 311 simplified chip structure(a) and waveforms
for multiplex operation(b)




With multiplex operation §;, = §,5 and §,, = B)g. The analog
input is applied to both inputs V,, and V,p. QSA and QSB are the
analog sample clocks for V]A and V]B respectively. QR’ the reset
clock, must run at twice the rate of Q]A and QZA‘

Qﬁ is internally coupled to the output to give the output sig-
nal 0S from the on-chip preamplifier. The compensation amplifier
provides the signal CS, at the Qﬁ rate, so that an off-chip dif-
ferential amplifier can be used to remove reset coupling from the

video output, or CS-0S.

C. SADL Clock Generation

A simplified diagram of SADL clock circuitry is shown in Fig-
ure 4.2. The clock voltages §p, 0y, 85, Ocps and Qo correspond to
those required for both read-in and read-out time intervals, i.e.,
the only variation is the difference in the rates. Consequently,
the following discussion of the clock generation circuitry, while
1imited to the read-in interval, is applicable to either operation.

The MCK and MCK/6 outputs are inputs to the two-line to one-line
decoder 2N74157. This is a quad decoder with 4 (Y) outputs controlied
by a common SELECT logic level (S). With (S) low the (Y) output is

/6 which is gated to the line driver SN74265(A) with complimentary

outputs 6R and QR by means of NAND gate (A). @k is converted from
TTL level to Qk MOS level by driver amplifier 050026.

ﬁh is divided by 2 to obtain QR/2, the input to 2N74265(B) which
gives the complimentary outputs ﬁj and Gé. W] ana §, are translated
from TTL level to MOS level by DS0026(B), dual gate drivers, to ob-

tain gl and gz which correspond to the clock voltages E}A and §2A in
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Figure 4.1b. The logic circuitry comprising NAND gate (E) and (F)
with inputs ﬁ],'mz and QRgenerates the sample clock voltages QSA
and O
The output of the divide by 2, ¢R/2 is the clock signal for the
synchronous cascaded counters 2N74161 (A) and (B). After 130 cycles
of QR/Z a EL pulse is obtained at the output of NAND gate (B). This
input to NAND gate (C) coupled with other high input (ﬁi of the one-
shot FF 2N74221) gives CL as the input to inverter 7404. The output
of the inverter then gives the desired clear pulse for the counters.
The purpose of NAND gate (C) and the JK FF 2N7473 is to allow
for external synchronization and switching the output of the decoder
at the end of the read-in time, and conversely at the end of the
read-out time. With no external synch input signal Gﬁ of 2N74221
remains high which is the level of the CLR input for the 2N7473.
EL is the CK input to the 2N7473. At the end of 130 counts the 7473
output Q toggles thereby changing the level of (S) of the decoder.
The (Y) output is then connected to MCK to start the read-out time
interval. One input to the NAND gate (A) is the counters CL signal
1evé1 which is normally high. Conseguently, the output of the de-
coder is gated through only when the counters are activated. If an
external synch puise occurs, the 55 output is a negative pulse which
synchronizes the start of the read-in time interval. During the
duration of the 5] negative pulse both counters and NAND gate (C)
are disabled since the CL signal is low. Upon termination of the
61 negative pulse (S) of the decoder is forced low by Q of the JK
FF and the (Y) output is MCK/6. Simultaneously both counters and
transmission NAND gate (C) are activated initiating the next read-in

time interval.
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Figures 4.3 and 4.4 are detailed diagrams of the total SADL sys-

tem. Figure 4.3 shows the circuitry for MCK, MCK/6, QR’ $R"m1 and
62. A 12 MHz crystal oscillator at TTL levels uses "D" FF 7474(C)
to obtain MCK = 6 MHz at Pin 5. The combined logic circuitryzof the
"D" FF 7474(A) and the two NAND gates (A) is a divide by 1.5. Final
division by 6 is accomplished by "D" FF (B) to obtain MCK/6.

Figure 4.4 contains the remainder of the clock generating
circuitry for ESA’ QSB’ g}A and QQA’ bias circuitry for the CCD311,
analog input circuitry and the video output circuits.

The outputs CS and 0S from the CCD311 are buffered by emitter
followers and capacitively coupled into the differential video ampli-
fier uA733. This amplifier is a differential input-output configura-
tion. The output from the uA733, CS-0S is coupled through an MOS
switch, CD4053, to a discrete Tow impedance output emitter follower
configuration capable of driving 50 ohms. The CD4053 switch is con-
trolled by one section of the 74157 first used in Figures 4.2 and
4,3. Since Y output is controlled by the common (S) input, the switch

will be closed during the read-out interval and open during the read-

in interval.

D. Operating Waveforms

Waveforms for the operating SADL system are shown in Figures 4.5-
4.9, Figure 4.5 indicates the CCD gate and sampling clock waveforms
and the relative timing between the two. Figure 4.6 includes Qk and
Figure 4.7 is the same as Figure 4.6 on an expanded time scale.
Figures 4.8 and 4.9 indicate the waveforms encountered for transition

between the fast and slow clocks.
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Figure 4.5 Operating waveforms, top to bottom,
14 op» Bsp and g
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Figure 4.6 Operating waveforms, top to bottom,
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Figure 4.7 Operating waveforms, top to bottom,
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Figure 4.8 Operating waveforms, transition from
input to output cycle.
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Figure 4.9 Operating waveforms, transition from
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E. SADL Fabrication

The SADL system was fabricated on a single board contained in a
Tektonix single bin plug in unit used with a TM500 power module.
Primary power from the TM500 module is used with an on-board regu-
lating system to obtain + 15 volts and + 5 volts. Double regulation
for the + 6 volts, used for the uA733 and the video output stage, is
obtained using LM317 and LM337 reqgulators and the primary + 15 volt
supplies. Variable voltages for the §1A - QéB clock, Qk clock and
ESA’ QSB clock are obtained using LM317 regulators. The regulator
circuits are shown in Figure 4.10. The board layout showing controls

and placement of components is shown in Figure 4.11. Panel layout

is in Figure 4.12,




Figure 4.10 SADL
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SECTION V

CONCLUSIONS

A. LIRCCD

This testbed module has been shown to function as designed and
demonstrated the capability of usina a uprocessor to control stare
time on demand. Both models could be miniaturized even further by
restricting the multi-turn potentiometers for only the critical
variables. The environmental model will require long term evalua-
tion under all possible weather conditions. If it proves necessary
there is sufficient space in the sealed package to use a temperature

controlled crystal oven for the crystal master oscillator.

B. 2DIRCCD
The 32 x 64 element test-bed module was found to function satis-
factorily from the viewpoint of the given specifications. A defini-

tive evaluation awaits the availability of operational chips.

C. SADL

The sampled analog delay line meets the given specifications.
Some minor difficulties were encountered with clock feed through,
but these appear to be resolvable by some fine tuning and additional

filtering.
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